This talk will review some of the highlights in ultrafast science moving from femtosecond to attosecond pulse generation and its major impact in fields as diverse as semiconductor photonics and chemical reactions, material processing and extreme nonlinear optics with VUV and soft-X-ray generation, imaging and microscopy, frequency metrology and fundamental quantum mechanical processes that have never been measured before.
In the future humanity will face a number of challenges, such as developing alternative energy sources, synthesizing complex functional drugs or designing post-Moore's law electronics. Addressing these challenges requires a detailed understanding of the structural and dynamical behavior of matter and its fundamental building blocks. We entering a new area in ultrafast science for which the hope is that we will understand how matter functions during chemical reactions and energy transport on a molecular level. The time scales which determine the fate of a molecule during the course of a chemical reaction or which determine the transport of a quantum of energy, namely an electron, are on the order of pico-to attoseconds (10 12 to 10 18 seconds). Therefore, tools to visualize such motions must be even faster. But speed is only one key aspect, the other is spatial resolution. If being fast can be combined with a microscopic vision that can "see" individual building blocks of matter in motion, we will be able to gain a thorough picture of their functionality.
Our ability to perceive the dynamics of nature is ultimately limited by the temporal resolution of the instruments available to us. Mechanical shutters allow for resolution in the millisecond range while stroboscopic illumination allows us to probe the microsecond range. Modern electronic sampling oscilloscopes eventually brought the limit down into the picosecond range. Ultrafast lasers have advanced the temporal resolution of measurements another three orders of magnitude into the few femtosecond regime (1 fs = 10 -15 s), allowing for the direct observation of vibrational molecular dynamics. In the late 1980s, the pulse duration of dye lasers was as low as 27 fs, which was later compressed to 6 fs. At a wavelength of 600 nm, only three optical cycles fit under the full width at half maximum of the intensity envelope of such a pulse. Femtosecond dye lasers have been the work horse for femtosecond chemistry and ultrafast carrier dynamics in semiconductor materials and devices in the 1980th. It took almost a decade to surpass these results with Ti:sapphire lasers. Today we can readily obtain pulses with about one to two optical cycles from Ti:sapphire laser oscillators directly and from external compressors with much higher peak intensities. In addition, ultrafast solidstate and fiber lasers are now penetrating the industrial market. The broad spectral content of the femtosecond pulses can be used in medical diagnostics and frequency metrology. The extreme concentration of energy is useful for material processing because the non-thermal interaction of femtosecond-pulses with the material creates structures much finer than the thermal interaction of long pulses. Intense infrared pulses also opened up a new frontier of attosecond science.
We are now at a turning point, where another leap forward can be foreseen. Our knowledge about time-and energy-dependent behavior of matter in its excited states that drive chemical reactions and energy transport is still severely limited and partially unexplored. Novel ultrafast laser sources are now being developed that offer new abilities to reach the frontier of ultrafast timescales and spatial resolution on an atomic or molecular scale. First, there has been a huge effort aimed at implementing the X-ray or electron-based structural methods in the ps and fs time domain, in order to directly "see" (as opposed to the spectroscopic tools which give only indirect information) atomic motion in "realtime". Second, the advent of laser-driven highly nonlinear systems delivering attosecond (1 as = 10 -18 seconds) pulses of light brings us into the time scale of electron motion on the atomic and molecular scale.
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